INTRODUCTION
ODP Leg 128 included three drilling sites in the central and eastern Japan Sea. Site 794 is located in the northeastern Yamato Basin about 130 km west of the Oga Peninsula, Site 798 is in a small fault-bounded basin on top of Oki Ridge in the southeastern Sea of Japan and Site 799 is located in the southern Kita-Yamato Trough, a narrow topographic and structural depression that splits the larger Yamato Rise in the south central Sea of Japan ( Fig. 1 ). This report details Neogene benthic foraminifers from Sites 798 and 799. Although Leg 128 extended basement drilling at Site 794 originally drilled during Leg 127, this report does not include analysis of benthic foraminifers from this latter site (see reports by Brunner and Nomura in this volume). One of the purposes of drilling in the Sea of Japan was to investigate the paleoceanographic and paleoenvironmental changes during evolution of the sea.
Modern foraminifers in the Sea of Japan are of special importance to understanding the Neogene faunas of this backarc basin. Study of Holocene benthic foraminifers in the Sea of Japan was initiated by Asano (1939a) . He reported the foraminifer fauna from the Urashima Bank at the entrance of Wakasa Bay, southeast Sea of Japan. Ishiwada (1950 , 1951 recognized four assemblages in his studies on Recent foraminifera of the area extending from Toyama Bay, Toyama Prefecture, to off Sakata, Yamagata Prefecture. He considered them to be related to the so-called Middle Water of the Tsushima Current, the Second Spring Layer, the Japan Sea Proper Water, and special parts of the latter, respectively. Matoba (1976) reported the depth distribution of the benthic foraminifers from off Noshiro, Akita Prefecture, northeast Sea of Japan. He found three major faunas in his study, and he considered them to be related to the warm Tsushima Current, including waters influenced by the coastal waters, the water of the lower thermocline, and the Japan Sea Proper Water.
In addition, many studies have been made of the taxonomy, ecology, and distribution of Holocene benthic foraminifers in the Sea of Japan that provide background for interpretation of Neogene faunas. Important papers include Asano (1956a, b; 1958a, b) , Chiji and Konda (1970) , Ikeya (1970) , Inoue (1980 Inoue ( ,1989 , Matoba(1984) , Matsuda (1957) , Ujiié et al. (1983) , Saidova (1961) , and Troitskaya (1970 Troitskaya ( , 1972 Troitskaya ( , 1973 .
GEOGRAPHIC AND OCEANOGRAPHIC SETTING
The Sea of Japan is one of several marginal seas of the western Pacific Ocean (Fig. 1) . The Sea is about 750 km long and 180 km wide, and its maximum depth exceeds 3,700 m. The northern part of the sea is a deep flat-floored area between 3,000 and 3,700 m in depth termed the Japan Basin. The floor of the southern half of the Sea is very rugged. The Yamato Rise is situated in the central part, with the Yamato and Tsushima Basins.
The Sea of Japan is connected with the Pacific Ocean, the Sea Okhotsk, and East China Sea by four narrow and very shallow straits including the Tartar Strait (maximum water depth 12 m), Soya Strait (55 m), Tsugaru Strait (130 m), and Tsushima Strait (140 m). The warm Tsushima Current, a branch of the Kuroshio Current, flows into the Sea through the Tsushima Strait and flows out mainly through the Tsugaru Strait and partly through the Soya Strait. In most of the marginal seas of the western Pacific, such as Okhotsk, Bering, and East China seas, the sills are deep enough to allow the inflow of the Pacific Deep Water. In contrast, the sills in the Sea of Japan are so shallow than the Pacific Deep Water cannot flow into the sea. A special vertical circulation therefore occurs within the sea, and a peculiar water mass called the Japan Sea Proper Water is formed. In the Japan Sea, temperature and salinity are uniform in distribution below a depth of 300 m (Matoba, 1984) . This deep water mass termed the Japan Sea Proper Water and has a temperature of 1° C and a salinity of 34.07 o/oo. The distribution of dissolved oxygen is particularly characteristically high, exceeding 5 mL/L at almost all depths (Matoba, 1984) , demonstrating that the sea is well mixed. The Japan Sea Proper Water originates in the northwestern part of the sea by excessive cooling of the surface during winter. Moreover, it originates in the central part of the sea by mixing and caballing at the front formed with the Tsushima and Liman currents. The convective circulation induced by these seasonal and constant processes maintains the low temperature, low salinity, and high dissolved oxygen water mass characterizing the present sea at all depths below 300 m. Owing to the high dissolved oxygen content, surface sediments are oxidized, and the local Calcite Compensation Depth (CCD) is situated at about 2,000 m (Ichikura and Ujiié, 1976) , much shallower than in the adjacent Pacific Ocean.
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Benthic foraminifers occur in 314 of the 845 samples analyzed from Holes 798A, 798B, 798C, 799A, and 799B. Each sample consists of about 10 cm 3 of sediment. I disaggregated the samples by soaking them in hot water. Depending on the consolidation of sediment, varying amounts of hydrogen peroxide were added. I washed the disaggregated samples through a 250-mesh (0.063-mm) screen and then dried them. Before extracting the foraminifers, I sieved each sample through a 115-mesh (0.125-mm) screen; the benthic foraminifers were taken from the coarser fraction. In instances where benthic foraminifers were especially abundant, the samples were split into smaller aliquots, and 150-250 specimens were removed.
I distinguished 171 taxa of benthic foraminifers, including named and unnamed old species, subspecies, and morphotypes. Distributions of benthic foraminifers are given in Tables 1 through 4 (Tables 2, 3 back pocket) in terms of relative percentages. I did not calculate percentages for samples containing less than 10 specimens. The stratigraphic distributions of several selected species are shown in Figures 5, 6 , and 7.
PRESERVATION AND ABUNDANCE
Preservation of the benthic foraminifers is shown in Tables 1  through 4 (Tables 2, 3 back pocket) . Preservation of specimens from Site 798 is generally better in the stratigraphically higher samples than in the lower samples. In the samples of Site 799, the preservation is generally poor. In the deeper samples, especially samples from Hole 799B, most specimens are altered and/or the test wall changes to brown or is completely recrystallized.
Figures 2, 3, and 4 show the abundances of benthic and planktonic foraminifers, numbers of benthic foraminiferal species, components of benthic foraminiferal tests, and benthic-planktonic foraminiferal ratios from two sites. I calculated the abundance of benthic and planktonic foraminifers for each 1 g of dry weight of sediment (= foraminifer number). Abundance seems to be related to preservation.
Based on the abundance and component of tests, the sequence of Site 798 is divided stratigraphically into two parts. The upper or Quaternary part, spanning Samples 128-798C-1H-1,41^43 cm through -798B-23X-6, 39-41 cm, is characterized by high foraminifer number and calcareous tests. Assemblages in the upper Pliocene portion of Hole 798B, below Sample 128-798B-24X-1, 39-41 cm, is characterized by low foraminifer numbers and agglutinated tests.
Benthic foraminifers are generally rare at Site 799, except in four Samples 128-799A-6H-1, 35-37 cm, -799A-8H-2, 37-39 cm, -799A-8H-7, 30-32 cm, and -799B-9R-4, 04-06 cm. In these four samples the foraminifer number reaches more than one thousand. Assemblages in the upper part of Hole 799A, above Sample 128-799A-14H-2, 37-39 cm, [58] [59] [60] [58] [59] [60] [42] [43] [44] [39] [40] [41] [39] [40] [41] [36] [37] [38] [40] [41] [42] [37] [38] [39] [37] [38] [39] [52] [53] [54] [52] [53] [54] [52] [53] [54] [52] [53] [54] [40] [41] [42] [40] [41] [42] [84] [85] [86] [40] [41] [42] [40] [41] [42] [40] [41] [42] [42] [43] [44] [40] [41] [42] [43] [44] [45] [19] [20] [21] [35] [36] [37] [40] [41] [42] [65] [66] [67] [67] [68] [69] [42] [43] [44] [38] [39] [40] [40] [41] [42] [41] [42] [43] [38] [39] [40] [42] [43] [44] [41] [42] [43] [45] [46] [47] [38] [39] [40] [37] [38] [39] [31] [32] [33] [49] [50] [51] [49] [50] [51] [49] [50] [51] [49] [50] [51] [49] [50] [51] [49] [50] [51] [49] [50] [51] ,49-51 are characterized by the dominance of calcareous tests. The faunas in the lower part of Hole 799A and in Hole 799B are characterized by agglutinated tests.
BENTHIC FORAMINIFER ASSEMBLAGES Site 798
The occurrences of benthic foraminifers in Holes 798A, 798B, and 798C are shown in Table 1, and Table 2 (back pocket). Figure 5 shows the stratigraphic distribution of several selected species. Benthic foraminifers were found in 96,107, and 2 samples from Holes 798A, 798B, and 798C, respectively. Assemblages in the upper part of the Site 798 sequence, above Sample 128-798B-23X-6, 39-41 cm, are characterized by the dominance of Bolivina pacifica, Uvigerina akitaensis, and U. akitaensis var., Angulogerina kokozuraensis, Cassidulina norcrossi, C. norvangi, Pseudoparrella takayanagii, Eilohedrarotunda, and Epistominellapulchella. This interval encompasses the Quaternary through late Pliocene in age. Although similar assemblages are observed in the lower portion of this sequence (Samples 128-798B-27X-7, 34-36 cm, -798B-35X-1, 38-40 cm, and -798B-35X-3, 42-AA cm) preservation is very poor.
In several samples (128-798A-1H-3, 34-36 cm; -798A-1H-5, 34-36 cm; -798A-3H-2, 36-38 cm; -798A-3H-6, 35-37 cm; -798A-9H-7,40-42 cm; -798A-11H-4,40-42 cm; -798A-11H-6,40^2 cm; -798A-13H-7, 41-43 cm; and -798B-15H-1, 40-42 cm), where species diversity is low, an increase in relative abundance of Bolivina pacifica (> 35% of the population) was observed. All of these samples are included in the middle to late Quaternary.
Sediments from lower horizons, below Sample 128-798B-24X-1, 39^1 cm, are mostly barren of calcareous foraminifers. The agglutinated forms, Martinottiella communis, Miliammina echigoensis, Spirosigmoilinella compressa, and a few others, are dominant in these samples. Agglutinated species are also dominant in four samples from the upper part (128-798A-11H-1, 84-86 cm, -798B-17X-7, 41^3 cm, -798B-19X-3,40^2 cm, and -798B-21X-5,54-56 cm). Most of the washed residues in these samples contain many specimens of siliceous microfossils (diatoms and radiolarians) along with pumice grains and only rare specimens of Miliammina echigoensis and fragments of calcareous tests. Thus, calcareous tests in these samples were likely dissolved.
Site 799 Table 3 (back pocket), Table 4 , and Figures 6 and 7 illustrate the occurrence of benthic foraminifers in Holes 799A and 799B. Benthic foraminifers were found in 67 samples from Hole 799 A and in 42 samples from Hole 799B. The lower samples from Hole 799A, below Sample 128-799A-23X-6,48-50 cm, are mostly barren of benthic foraminifers except following five samples, 128-799A-27X-3, 33-35 cm; -799A-32X-2, 33-35 cm; -799A-32X-6, 33-35 cm; -799A-34X-3, 33-35 cm; and -799A-51X-1,50-52 cm. The benthic foraminifer fauna in the upper or Quaternary part of Hole 799A, ranging from Sample 128-799 A-1H-1, 29-31 cm, to -799A-14H-2, 37-39 cm, is dominated by Miliammina echigoensis, Bolivina pacifica, Uvigerina akitaensis, and U. akitaensis var., Angulogerina kokozuraensis, Cassidulina norcrossi, C. norvangi, and Epistominella pulchella. Although this assemblage is almost the same as the Quaternary fauna of Site 798, the preservations of calcareous species are generally poor, and most of the specimens are broken.
Monospecific assemblages of B. pacifica are present in four samples including Sample 128-799A-5H-7, 31-33 cm, -799A-7H-2, 33-35 cm, -799A-9H-2,52-54 cm, and -799A-9H-7,30-32 cm. Only agglutinated species including Miliammina echigoensis, Martinottiella communis, Cyclammina cancellata were found in the lower part of Hole 799A.
Benthic foraminifers were recovered from the upper half of the Hole 799B sequence, from Sample 128-799B-5R-1,34-36 cm, through -799B-29R-3, 40-42 cm. Rare specimens of benthic foraminifers are present in only one sample from the lower part of Hole 799B, 128-799B-54R-2, 11-12 cm. Assemblages in the uppermost part of Hole 799B, from Sample 128-799B-5R-1,34-36 cm, through -799B-11R-4, 48-50 cm, are characterized by the dominant occurrence of Chyrostomella oolina, Globobulimina subaffinis, Eilohedra rotunda, Cassidulina norcrossi, and other calcareous species. This interval is late Miocene in age. Sediments from Sample 128-799B-11R-5, 48-50 cm, through -799B-29R-3,33-35 cm, include fragments and deformed specimens of Haplophragmoides spp., Martinottiella communis, M. nodulosa, and Cyclammina cancellata. This interval represents a late middle Miocene in age. Assemblages in the lowest sample of Hole 799B are almost the same as the upper calcareous fauna in this hole.
The neritic species, Quinqueloculina spp., is included in many samples from various horizons at Site 799. Their poor preservation and habitat preference suggest that these specimens were redeposited into deeper water from shallow depths.
COMPARISON OF NEOGENE FAUNAS WITH DEPTH DISTRIBUTIONS OF HOLOCENE BENTHIC FORAMINIFERS IN THE SEA OF JAPAN: ESTIMATES OFPALEODEPTH Site 798
Depth distributions of selected Holocene benthic foraminifer species are shown in Figure 8 as compiled from Matoba (1984) and Matoba and Honma (1990) . The characteristic feature of the depth distributions in the Japan Sea is that almost all deep water species have an upper limit of their depth range of about 200 m. Exclusively deep-water species are not observed. These depth ranges are based on total (living and dead) distribution. The total distribution may include various amounts of tests displaced from a shallower-to a deeper water bottom. The depth classification of marine benthic environments used in this report follows Matoba (1984) for the Japan Sea.
At Site 798,1 detected three distinct faunal associations indicative of change in water depth with time (Fig. 9) . Bolivina pacifica, Uvigerina akitaensis and U. akitaensis var., Angulogerina kokozuraensis, Cassidulina norcrossi, C. norvangi, Pseudoparrella takayanagii, Eilohedra rotunda, and Epistominella pulchella are predominant in the upper part of the Site 798 sequence (Sample 128-798C-1H-1,41^3 cm, to -798B-23X-6, 39-41 cm). This fauna suggests that water depths during latest Pliocene to Quaternary time were upper Bathyal to upper middle Bathyal, similar to the present water depth of this site. The middle part of the Site 798 sequence (Sample 128-798B-24X-1, 39-41 cm, through Sample 128-798B-49X-2, 37-39 cm) is characterized by the occurrence of Miliammina echigoensis and Martinottiella communis, and a few other agglutinated species. This fauna is representative of middle Bathyal water depths, somewhat deeper than the present water depth. In the lower portion of the Site 798 column (Sample 128-798B-49X-7, 40-42 cm, through -798B-54X-5, 115-117 cm) Cyclammina cancellata and Spirosigmoilinella compressa are present. S. compressa is an extinct species and its ecology is unclear, but a similar form, Psamminopelta complanata Saidova, is distributed in the present-day northwest Pacific in a depth range of 2700-3100 m (Saidova, 1961) . The assemblage of the lower part may have inhabited depths from the lower middle Bathyal to lower Bathyal Zone. Thus, the variations in paleodepth umpired by these faunal changes together with the thickness of sediment suggest that Oki Ridge was uplifted more than 1,000 m during the last 4 m.y.
Site 799
Because abundance of the benthic foraminifers is rare and preservation of the specimen is very poor at Site 799, it is difficult to determine the changes in water depth based on the benthic foraminifers (Fig. 10) . Based on the meager assemblages in Samples 128-799A, 1H-1, 29-31 cm, through -799A-12H-4, 39^11 cm, these sediments were deposited at upper Bathyal to middle Bathyal depths, similar to the present water depth at Site 799. Based on the occur- 
128-798 CAB
Cassldullna
128-798 CAB
128-799B
Cydamalna 
BENTHIC ENVIRONMENTS
Thin-walled benthic foraminifer species including Bolivina pacifica and Stainforthia fusiformis are important for interpreting the paleoenvironment of the Japan Sea floor. Kato (1984) reported that B. pacifica and S. fusiformis are predominant in the dark-colored laminated intervals in piston core recovered on the top of Oki Ridge adjacent to Site 798. Layers containing faunas dominated by B. pacifica (> 40%) always correspond with laminated intervals. It is known that B. pacifica lives in the lowoxygen environment in the eastern Pacific (Phleger and Soutar, 1973) . Likewise, only one species, Fursenkoina (= Stainforthia) sp., has been reported from seawater almost depleted in dissolved oxygen in the Tyro Basin in the eastern Mediterranean Sea (Jongsma et al., 1983) . Figure 11 shows the faunal changes of selected species in dark-colored laminated clay and light-colored bioturbated clay layers of piston core from Oki Ridge (Kato, 1989) . B. pacifica and S. fusiformis rapidly increase from massive or bioturbated clay to laminated clay layers. The high abundance of B. pacifica and S. fusiformis in piston-core sediments therefore strongly suggests periods of dysaerobic to anaerobic bottom conditions. Samples containing high percentages of B. pacifica are recognized in the upper 133.2 mbsf of Site 798 and at Site 799 (above 77.9 mbsf). Judging from these results, modern bottom conditions in the Japan Sea were formed in late Quaternary time, about 1 m.y. ago, as a consequence of the complete isolation of the deep water in the sea from Pacific Deep Water. Matsunaga (1963) summarized the benthic foraminifer biostratigraphy in the oil-producing region of northeast Japan and established five zones applicable to the whole region and several zonules appropriate for each area. Matoba (1990) has illustrates the benthic foraminiferal zones of the Oga Peninsula, Akita Prefecture (Fig. 12) . Zonal marker species of the onshore sequence are present in Sites 798 and it is possible to correlate the sequences of Site 798 with the Neogene to Quaternary strata in the Oga Peninsula (Fig. 13) . However, the ages of the zone boundaries differ between Site 798 and the onshore sequence. Spirosigmoilinella compressa, whose range is limited in S. compressa Zone, is an extinct species, and its geologic range was restricted to the Miocene in Matoba (1990) . However, in Site 798, S. compressa occurs in lower Pliocene strata. Moreover, based on their good preservation and their size range, I judge the specimens of S. compressa to be in situ. Therefore, the age of the S. compressa/M. com- munis Boundary Zone and M. echigoensislM. nodulosa Boundary Zone at the Site 798 is about 2 m.y. younger than reported in land sections. A similar time lag is noted by Sato et al. (1988) in the uppermost Cenozoic sequence of Akita Prefecture. As a consequence of these revised correlations there is a time lag in the age of the upper limit of Uvigerina peregrina Zone in the Oga Peninsula and in the Akita oil-producing area. The age of the latter zone in the Oga Peninsula is more than 0.83 m.y. younger than in the Akita oil-producing area. The same relationship is probably present between the Sado Island and Niigata oil-producing sequences (T. Takayama, Kanazawa Univ., pers. coram., 1990) . Based on these results, the range of S. compressa in Site 798 occurs in younger strata than in the adjacent land sections. Because the Elphidium/C. sublimbata serrata Boundary Zone is defined by the occurrence of shallow neritic species, this zone cannot be recognized in ODP sites.
CORRELATION OF ODP AND ONSHORE NEOGENE BENTHIC FORAMINIFER DISTRIBUTIONS
As pointed out above, the modern deep-water fauna of the Sea of Japan has a peculiar depth distribution. Moreover, there are many species that are not found in the ancient Japan Sea fauna. Figure 12 . Late Cenozoic benthic foraminifer zones by Matsunaga (1963) in the oil-bearing strata in the Japan Sea coastal region and by Matoba (1990) in the Oga Peninsula (after Matsunaga, 1963; and Matoba, 1990) . Matoba (1975 Matoba ( ,1984 has described these latter faunas as the "Tertiarytype" deep-water fauna of the Japan Sea and notes that they became extinct through a drastic change in the bottom environment during late Pleistocene time. Ujiié (1979) , also found that the extinction of the "Tertiary-type" populations occurred in the late Pleistocene, based on analysis of piston cores taken from the Sea of Japan. Ujiié (1979) (Matoba, 1984; Matoba and Honma, 1986) . The extinction levels of species typical of the "Tertiary-type" population, as observed in the sediments of Site 798, are shown in Table 5 . Because many reworked specimens from older horizons as well as displaced shallow sediments are present at Site 799, the extinction levels of these species are not clear at this site. However, the extinction level of Melonis pompilioides, which does not occur in Site 798, is recognized in Sample 128-799A-20H-7,36-38 cm. Alternatively, the extinction levels for "Tertiary-type" species at Site 798 (Table 5) support the hypothesis of Matoba (1975) and Ujiié (1979) .
Alternatively, many species representative of the modern fauna in the Sea of Japan are not found in the ancient "Tertiary-type" fauna such as Nonionella globosa, which makes its initial appearance in Sample 128-798B-11H-6, 4(M2 cm.
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Oga Peninsula (Matoba, 1990) C.norcrossi -U. akitaensis Z.
M. echigoensis -M. nodulosa Zone
S.compressa -M. communis Zone
A.tochigiensis -N.kidoharaense Zonê
: Elphidium -C. sublimbata serrta Zone Figure 13 . Correlation between Site 798 and Oga Peninsula based on the benthic foraminifer zones. Silvestri, 1902, Mem. Roma Italia, v. 19, p. 141, text-Figs. 6-8 (fide Ellis and Messina, 1940 et seq.) . Entosolenia biconica, Asano, 1952,///. cat. Japan. Tert. small, foram., Suppl, 1., p. 7, text-Figs. 33, 34. Fissurina cucurbitasema Loeblich and Tappan F. cucurbitasema Loeblich and Tappan, 1953, Smiths. Misc. Coll., 121, no. 7, p. 76, PL 14, Figs. 10, 11 . Fissurina echigoensis (Asano and Inomata) Entosolenia echigoensis Asano and Inomata, In Asano, 1952 
